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ABSTRACT 

Marine pelagic deposits of the lower Albian to upper Turonian interval in 
the Polish part of the Pieniny Klippen Belt are relatively rich in radiolarian 
fauna as well as in planktonic and agglutinated foraminifera. The proposed 
radiolarian zones (Holonyptocanium barbui , Hemioyptocapsa prepolybedra 
and Hemicryptocapsa polybedra) have been correlated with planktonic forami¬ 
nifera biozonation (from Ticinella primula to Dicarinella primitiva zones), 
and with agglutinated foraminifera biozonation (from Haplophragmoides 
nonioninoidcs to Vvigerinammina ex gr . jankoi zones). 
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RESUME 

Correlation des biozones a radiolaires de tAlbien infiricur-Turonien superieur 
avec cedes b foraminifires planctonicjues et agglu tines dans la region des klippes 
pientnes (Carpathcs polonaises). 

Les depots marins pelagiques de FAlbien inferieur-Turonien superieur de la 
zone des klippes pienines sont relativcment riches en faune de radiolaires, 
ainsi que de fora minifies plancroniques er agglutiiufs. Les zones de radio¬ 
laires proposees (Holoctyptocaniunt barbui , Hemicryptocapsa prepolybedra er 
Hemicryptocapsa pnlyhedra) sont en correlation directc avec les biozones dc 
foraminiferes planctoniques (de la zone Ticinella primula a la zone 
Dicarinella primitiva) et celles des foraminiferes agglutines (dc la zone 
Haplophragmoides nonioninoidcs a la zone Uvigerinammina ex gr. jankoi). 
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INTRODUCTION 

Detailed micropalaeontological studies of marine 
pelagic Cretaceous deposits have been carried out 
in the Pieniny Klippen Belt during the last 15 
years. A part of these concerned biostratigraphy, 
based on different gtoups of microfauna: forami- 
nifera (Birkenmajer & Jednorowska 1 987? 
Gasinski 1988; Kostka 1993; K. Bqk 1998), nan- 
noplankton (Dudziak 1985). dinoq-sts (Jamiriski 
1990) and radiolaria (M. Bak 1995', 1996a, b). 
However, only very few studies comprise an inte¬ 
grated biostratigraphy of these deposits 
(Birkenmajer et al. 1979; K. Bqlcrtrt/. 1995). 

The Cretaceous deposits ol the Picninv Klippen 
Belt provide the best material lor the integrated 
biostratigraphical studies in the whole 
Carpathians, because they represent pelagic and 
hemipelagie calcareous-marly facies, and contain 
abundant microfauna. These deposits have been 
formed in the Pieniny Klippen Basin 
(Birkenmajer 1977). a part of the Penninic 
Ocean-northern part of Western Tethys 
(Fourcadc et al. 1993) (Fig. I A). The sedimenta¬ 
tion during Albian through Campanian rook 
place under deep-water conditions, ar outer shelf 
through lower bathyal/abyssal depths, above or 
near CCD (Birkenmajer & Gasinski 1992; 
K. Btjk 1995a, b). They crop out in a highly tec¬ 
tonically deformed zone, known as the Pieniny 
Klippen Belt, that separates the Inner from the 
Outer Carpathians (Fig. IB, C). 

The present authors propose here an integrated 
local biostratigraphy based on planktonic Fora- 
minifera, agglutinated Foraminifera and Radio¬ 
laria for early Albian through late Turanian time 
span. The correlation is based on studies of 
microfauna from the same samples within the 
same sections. Foraminifera and Radiolaria arc 
relatively abundant in the studied deposits. 

G EOLOGI CAL S ETTING AND 
RADIOLAR1AN HORIZONS 

Twenty five sections located at Niedzica, 
Kroscienko, Szczawnica, Jaworki, Sromowce, 
Dursztyn, Szafiary and Stare Bysire have been 
chosen for integrated micropalaeontological ana¬ 


lyses. A detailed description of profiles, sample 
location, and lithology is given in papers by 
K. Bak (1992, 1993, 1998) and M, B^k (1995, 
1996a, b, 1997), In 18 of these sections, radiola- 
rian skeletons have been found together with 
foraminifera, and the best sections 0 5) were 
used here for correlation purposes 5 (Figs 1,2). 

In the sections examined, the microfauna has 
been recovered from the deposits of the 
Kapusnica and Jaworki formations. Lithological 
features, thickness and age of these lithostratigra- 
phical units, distinguished by Birkenmajer 
(1977, 1987), and Birkenmajer &C Jednorowska 
(1984) and presented below, concern only the 
studied sections. 

Kapusnica Formation 

This formation is subdivided in two members, 
the Brodno Member and the Rudina Member, 
both represented in the sections investigated. 

The Brodno Member, fr has been identified 
only in the one section as a 40 cm thick layer of 
blade marls, ? upper Aptian in age. The radiola- 
riau fauna is present but very rare in these depo¬ 
sits. 

The Rudina Member. (1-20 m thick; lower- 
upper Albian) It is represented by green-grey and 
black marls and marly shales with marly limesto¬ 
ne intercalations, with red marls appearing in the 
upper part. Abundant and well-preserved radio- 
larian skeletons are present in green and black 
marls and marly shales. 

Jaworki Formation 

Deposits of the Jaworki Formation have been 
examined in sections belonging to all Klippen 
successions (Fig, 2). 

The Brynczkowa Marl Member. (2-22 m thick; 
Vraconian-middle Cenomanian) It consists of 
green or grey-green marls with thin scarce red 
marl intercalation. .Moderately to poorly preser¬ 
ved radiolaria are rare. 

The Skalski Marl Member. (4-15 m thick; 
middle-upper Cenomanian) It consists of varie¬ 
gated marls, intercalated with green, red and grey 
marls. Except of the Altana Shale Bed, the radio- 
larians are present in this member hut arc rare 
and mostly poorly preserved. 

The Altana Shale Bed. (0.4-3 in thick; 
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Fig. 1. — Location ot tha study area: A, In the Western Tethys (rectangle B) (map ot late Cenomanian palaeoenvlronmenls after 
Fourcade ef a/. 1993; sfmpli(ied); B. C. In the Carpathians (Pieniny Klippen Belt in black). D, in the Pieniny Klippen Belt, Legend; 1, 
investigated outcrops; 2. symbols ot outcrops; 3, more Important dislocations. List ot outcrops (front west to east); Sb, Stare Bystre; 
Ki, Kletowy stream; Sz, S 2 . 1 fl.ary quarry, Lor, Lorencowe Klippes; Csk, Czerwona Skata; Zt, Zlobowy Creek;- Nd. Niedzic 2 anka 
stream; Kos, Kosarz.yska Valley; McO Macelowa-Osice: Pg. Podskalnia Gora Mr. Mag, Magierowa Klippe; Or. Orlica Hill;, Bw, 
Bukowiny Valley; Dd, Bukowiny Hill. 


Cenomanian/Turonian boundary) It consists of 
black-blue, greenish and black shales and marly 
shales. Radiolarians are abundant but low-diver¬ 
sified and poorly preserved. Their pyritized ske¬ 
letons are mostly found within the Czorsztyn 
Succession deposits. 

The Magierowa Marl Member. (9 m; 

Cenomanian/Turonian boundary) It is represen¬ 
ted by shales, marly shales, marls, and thin-bcd- 
ded marly limestone of grey to green colour with 
black alternations. Radiolarian fauna is abun¬ 
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dant: well-preserved siliceous specimens are pre¬ 
sent in green and grey shales and marly shales. 
The radiolarians are also abundant in black 
shales but are often difficult to determine, becau¬ 
se of Fe-oxide coating and pyritization. 

The Trawne Member. (5 m;. iower-middle 
Cenomanian) k consists of grey-grccn marls and 
shaly marls with sandstone intercalations. 
Radiolarian fauna is scarce; only a few poorly 
preserved specimens have been found. 

The Sneznica Siltstone Member. (3-? 40 m; 
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Fig. 2. — Lithological columns of the studied seclions in relation to the age of deposits (dashed line cortesponds to the 
Cenomanian/Turonian boundary) and their attribution ta Klippen successions and sedimentary zones [Pienlny Kllppen Basin recons¬ 
truction after Birkenmajer (1977)]. Lithological units investigated |llthostratlgraphy afler Birkenmajer (1977, 1987) Birkenmajer & 
Jednorowska (1984)]: 1, Lorencowe Chert Bed; 2, Osice Siltstone Member; 3, Macelowa and Pustelnia Marl members: 4. Trawne 
Member, 5, Sneznica Siltslone Member, 6, Altana Shale Bed; 7, Magierowa Member; 8, Skalski Marl Member, 9. Brynczkowa Marl 
Member; 10, Rudina Member; 11, Brodno Member; 12, Pieniny Limestone Formation. Scale bars; 5 m, except of Branisko 
Succession sections, 1 m. 
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middle Cenomanian-middJe Turonian) Ir is repre¬ 
sented by alternating bright blue-grey and green 
shaly marls with thin-bedded siltstone and sand¬ 
stone, and bright-green pcliticlimestone intercala¬ 
tions. Radiolarians arc rate in this member, but 
the upper Cenomanian deposits are enriched in 
well-preserved, pyritized radiolarian skeleron. 

The Macelowa Marl Member. (15-70 nt; lower 
Cenomaniaii-Santonian) It consists mostly of red 
marls and marly limestone with thin intercala¬ 
tions of greenish or bluish siltstones and sand¬ 
stones which appear in its lower and upper parts. 
Poorly preserved and mainly calcified radiola¬ 
rians are present in this member. They arc diver¬ 
sified, especially those found in a horizon 
corresponding to the lower-middle Turonian. 

The Pustelnia Marl Member. (6-45 m; middle 
Cenomanian-Santonian) It consists of pure 
brick-red, strongly tcctonized marls without clas¬ 
tic intercalations. Radiolarian skeletons arc very 
scarce, poorly preserved, and mainly calcified. 
The Lorencowe Chert Bed. (3 m: upper 
Santonian-lower Campanian) h is represented bv 
a two-meter-rhick complex consisting of alterna¬ 
ting variegated marls (mostly red) with thin 
intercalations of light-green limestone. 
Radiolarian skeletons are ;rlso scarce, poorly pre¬ 
served, mostly calcified. 

RADIOLARIAN ASSEMBLAGES 

Seventy seven radiolarian species have been 
determined from rhe Creraceous deposits ran¬ 
ging from lower Albian to Santonian of the 
Pieniny Klippen Belt: 20 genera and 53 species 
of Nassellaria, and 11 genera and 24 species of 
Spumellaria were recognised (M. Bak 1997). 

The assemblages. In all Klippen successions 
investigated, are dominated by cryptoccphalic 
and cryptothuracic Nassellaria belonging to the 
genera Halocryptocnnium , Hemicryptocapsa , 
Cryptawpborelln , Dorypyle , Hiscocapsa , 
Trisyringiurn and Squirmbollam, Multisegmcntcd 
Nassellaria arc also common being represented 
by the genera Dictyomitra , Thdnarld, 
Pseudodictyomitra , Stichonutra, Kit us, Obeliscoites 
and Torculum. Spumellaria are less common; the 
mosr abundanr are the specimens belonging to 


the families Actinommidac, Praeconocaryom- 
nridae, Xiphostylidac (genera Siaurospbdcretta 
and Triacloma) , and Dactyliosphaeridae 
( Ditctyliodiscus , Godin and Daclyliosphaera). 
Other Spumellaria belong to rhe genera 
Hexnpyramis , Cnvdspongia, Pseudoaulophticus, 
Patelluln, Pa runnelin and Crucdla. 

Within the Klippen successions investigated, the 
radiolarians are mosr abundanr and diversified in 
the Czorsztyn Succession deposits (outer shelf- 
upper barhyal environment), becoming generally 
scarce in the deposits of the Pieniny Succession 
(lower barhyal environments, close ro Calcium 
Compensation Depth). 

The radiolarian specimens are most abundant 
and diverse in green and black marly shales, 
marls and limestones ol the Kapusnica and 
Pomiedznik formations, the Magierovva Member 
and the Altana Shale Bed of the Jaworki 
Formation. They are scarce in red and variegated 
marls and shales of rhe Macelowa Marl, 
Brvnczkowa Marl and the Skalski Marl members 
of the Jaworki Formation. This might he depen¬ 
dent on lithology and diagenesis factors respon¬ 
sible for preservation of siliceous microfossils; 
however, radiolarian faunas radiation and turn¬ 
overs could be also taken into account. Both 
causes might reflect an ecological response of 
marine biora to global climate and sea level 
changes during mid-Cretaceous times. 

Two great changes in the radiolarian assemblages 
have been recorded within the studied deposits: 

1. Beginning of an important first radiarion of 
Radiolaria occurred during the middle Albian 
{Ticiuella primula foraminiferal zone, K. Brjk 
1992)' as many new' species had their first appea¬ 
rance in rhe middle and rhe lare Albian, The 
maximum of differentiation in rhe radiolarian 
assemblage is observed in the Vraconian deposits 
[Rn tali porn ticinensis through the Rotnliporn 
appenni n ica-Plano malm a buxtorfi foram ini feral 
zones, K. Btjk 1998). Starting from the upper 
part of the R. appenninicd-P, buxtorfi foraminife- 
rat zone towards the Ccnomanian/Turonian 
boundary, a relative decrease in rhe number ot 
species occurred. As a result, the radiolarian fau¬ 
nas in rhe Czorsztyn, Branisko and Niedzica suc¬ 
cessions show great similarities. The same 
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characteristic taxa from the suborder Nassellaria 
(both crvptorhoracic and cryptocephalic forms) 
represented by the genera Holncryplocanium, 
Hemicryptocnpsa , Squindbullnm and Cryptam- 
phorella are the most abundant, while the genera 
Dictyomitrn, Pseudodictyornitra, Than aria, 
Stichomitra, Torcttlmn, and Xitus are also com¬ 
mon. 

2. The next change in radiolarian assemblages 
took place around the Cenomantan/Turonian 
boundary. It started during the late Cenomanian 
(Rotalipora cusbmani foraminiferal zone, K. Bqk 
1998). At that time, die radiolarian assemblages 
from die Picniny Succession became similar to 
those from the Czorsztyn, Niedzica and Branisko 
successions. Moreover, it was enriched in forms 
described so far only from die Silesian and the 
Skolc units of the Outer Flysch Carpathians 
(Praeconncaryamma lipmdnae, Godia sp.. 
Diacanthocapsa sp. - see M. Bak 1994; Gorka 
1996). 

FORAMINIFERAL ASSEMBLAGES 

The early and middle Albiari Foraminifera in the 
Pieniny Klippen Belt represent a well-diversified 
assemblage. Planktonic forms prevail, being 
represented by hedbergellids (//. delriaensis , 
H. planhpira and //. simplex), Globigerinelloidef 
bentoneUsis , and ticinellids ( Ticinella primula, 
T. robeni) (K.. Bak 1992). Benthos is dominated 
by calcareous forms with the most frequent 
Gyroulimidei infracretacea , Gavelinella cetiomani- 
ca and G. Intermedia , and accompanied by 
Deutalina sp., Nodosaria sp. and LenticuUna sp. 
Agglutinated foraminifera (predominantly infau¬ 
nal forms) are infrequent in these deposits, with 
Dorothia grad at a, Spiroplectinata annectent , 
Tritaxiagaultina and Textuhria joeda prevailing. 
The upper Albian planktonic Foraminifera are 
very numerous and more diversified. Besides the 
most frequent hedbergellids, Biticinella breggien- 
sts, Planomalina bnxtorfi, Ghbigerinelloidcs bento- 
nesis, G, ultramicra, praeglnbotruncanids and 
rotaliporids occur there. Benthos is very rare, 
dominated by calcareous forms, similar to those 
present in the older assemblage. 

A very similar assemblage is also characteristic of 


the Cenomanian deposits: planktonic Foramini- 
tera prevail there, with dominating rotaliporids, 
associated with representatives of the genera 
Praegla bo trial ca n a, Hedbergella , Wbiteindla , 
Glv b iga in el It) ides , Heterohelix and Shackoina. 
Ratio of calcareous to agglutinated benthic forms 
is different in pelagic and herrtipelagic deposits of 
this stage. Agglutinated taxa prevail (more than 
80% of benthos) in the scaglia rossa-type 
(Macelowa Marl Member) and tlvschoid deposits 
(Trawne Member, Sneznica Siltstone Member), 
being dominated by Plectoncurvoides dhernans, 
Recurvaides Sp., Bulbobaeidites sp., Trochammina 
sp., Haplophragmoides sp., Spiro piectam m i n a 
navarroana, Arenobulimina preslii, Dorothia sp., 
Tritaxia sp., Glonmpira sp.., and by tubular firms. 
Calcareous forms are more frequent in variegated 
and red pelagic marls (Brynczkowa Marl, Skalski 
Marl and Pwstelrtia Marl members). However, 
they are represented by single specimens only. 
Agglutinated foraminifers include the genera 
Deutalina, Nodosaria , Trhtlx, Lenticulina, 
Ma rgi n aI'm ops is, Ma rgin it tin a, Sa race a a ri a , 
AstacohtSs Planularia, Globulina, Oolina, 
Pyrttlina , Ramnlina, Pracbulimina, Pkttmtamel¬ 
ia, ValvnTuieria, Pullenia, Osajtgularia, 
Gvroidirmdcf, Gavelinella, Lingtilogavelinella and 
Fponides. 

A quite different foraminiferal assemblage 
appears in black shale facies close to the 
Cenomanian/Turonian boundary. Planktonic 
Foraminifera are still frequent in the lower part 
of the shales, being represented predominantly 
by Rotalipora enshmanh they are accompanied by 
whiteinellid?, praeglobotruncanids, hedbergellids 
and single forms from the genera Globigerinel- 
laicles and Heterohelix. In a higher part of the 
shales, only single forms of Praeglobotrnncana 
delriaensis and Hedbergella delriaensis have been 
tound. Benrlionic forms are dominated by very 
frequent Lenticulina gaultina. Titis form is 
accompanied by single specimens of agglutinated 
foraminifera from the genera Bnlbobaculites, 
Trochammina, Hormosind , Glnmospira, Ammo- 
discus and Rhiuintmhia. 

The middle-late Turanian foraminiferal assem¬ 
blage considerably differs from the Cenomanian 
one. Middle Turanian was the acme of Helveto- 
globotruncana helvetica and H. praehelvetica 
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which characterise this assemblage, while ben- 
thonic forms are almost absent. During the late 
Turonian, hcnrhonic forms become more fre¬ 
quent, and they prevail in the latest Turonian 
deposits. The benthos is dominated by aggluti¬ 
nated taxa (more than 90%) with vert' characte¬ 
ristic Uvigertrntmmina jankoi, RecuTvotd.es 
godidensis , Geroebumminet con vers a. Krtrrerulina 
coniformis, Hup top b n tgm o ides cf. bulloides and 
Bulhobttnditi’s problemaiicus. Calcareous benthos 
is represented predominantly by the genera 
Eponides, Stensioe 'ma and Gyroidinoides. 

RADIOLARIAN BIOSTRATIGRAPHY 

Radiolarian species were identified in more dian 
200 samples from 18 sections in the deposits of 
the Pieniny, Branisko, Nicdzica and Czorsztyn 
.successions of the Pieniny Klippen Belt (M. Bqk 
1997). Seventeen horizons containing abundanr 
and well-preserved Radiolaria have been chosen 
for closer analysis (M. Bqk 1999); the Bio- 
Graph 2.02 computer program (Savary & Guex 
1991) based on the Unitary Associations Method 
was applied. This program produced a sequence 
of 1 1 U. A. (big. 3), which were used for 
constructing a radiolarian zonal scandard 
(M. Bqk 1999). Three radiolarian zones and five 
subzones were proposed for the early Albian 
through late Turonian rime span (Fig. 3)i These 
arc: (i) the Holncryptocanium btirbui zone with 
Stichoniitra tosaensis, isquinabollum fossile, 
Tbanarla veil eta, TorcuLum dengoi and Obeliscoites 
maximus subzones(2) the Hemicryptocapsa pre- 
polyhedra zone; (3) the Hetnicryptocapsa polyhedm 
zone. The cop of each zone and subzone is defi¬ 
ned by the FAD of the index taxon and also by 
the base of the overlying zone. 

FORAMINIFERAL BIOSTRATIGRAPHY 

Extensive biostratigraphical studies based on 
planktonic foraminifera were carried out in 
Cretaceous deposits of the Polish part of the 
Pieniny Klippen Belt (Alexandrowicz 1966; 
Alexandrowicz ct ai 1968a, 1968b; Jednorowska 
1979; Gasinski 1983, 1988; Birkenmajer & 



Fig. 3. — Occurrence range chart ot index radiolarian species 
recorded in the Albian to Coniacian deposits in the Pieniny 
Klippen Bell successions, based on their first and the last 
appearances, and their co-occurrence based on the Unilary 
Associations, Abbreviations ot zones: S. tosaensis, Stichamitra 
tosaensis', S. tos., Squtnabollum tossile ; T. pulch., Ttianatla 
pulchra; O. maxim., Obeliscoites maximus. 1 , local planktonic 
foraminiferal zonation alter Robaszynski 8, Caron (1985) modi¬ 
fied by K. Bay (.1992, 1998), 

Jednorowska 1987; Kostka 1993). The local bio¬ 
zonations have been tied to the zonal standards 
of the Western Tethys. 
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The local planktonic biozonation here presented 
(K. Bak 1992, 1998), is based on studies of 
18 field sections (more than 270 samples) repre¬ 
senting deposits from all sedimentary zones of 
the Pieniny Klippen Basin in Poland. The zones 
distinguished and their chronostratigraphic cali¬ 
bration, correspond very well with the Medi¬ 
terranean zonal standard as proposed by 
Robaszvnski & Caron (1995), with only minor 
revision (for more details, see K. R:ik 1998). 

The biozonation based on agglutinated foramini- 
fera follows that proposed for Outer Carpathians' 
by Gerocb & Nowak (1984), and applied also to 
the Pieniny Klippen Belt (K. Bt^k el al. 1995). 


CORRELATION OE RADIOLAR1AN 
ZONATION WITH PLANKTONIC AND 
AGGLUTINATED FORAMINIFERA ZONES 

Various radiolarian zonatjons for the late Creta¬ 
ceous deposits were proposed depending on the 
area concerned. Two proposed standards calibra¬ 
ted with chronostractgraphy in the western part 
of the Tethys deserve special attention, Lite first 
standard was proposed by Dumitrjca (1975) for 
the Romanian Carpathians. He recognised two 
radiolarian assemblages, the oldet assemblage 
and the yonnger one correlated with planktonic 
foraminifera. The Holocryptocanium barbui- 
H. tuberculatum assemblage corresponds, accor¬ 
ding to Dumitrica (1975), to th ? Rotalipora 
reicbeli-R. cusbmani zone (latest Cenomanian). 
O’Dogherty’s (1994) standard was more detailed 
and comprised a calibration with the Northern 
Apennines and Betic Cordillera, This calibration 
has been based on planktonic Foraminifera par¬ 
tially following the zonal standard as proposed by 
Caron (1985), with some modifications. 
O’Dogherty (1994) recognised five radiolarian 
zones correlated with the Hedbergclla sigqli 
(Barremian) through the Marginotruncana sigali 
(late Turonian) foraminiferal zones. 

In this study, we propose a correlation of radiola¬ 
rian zones with planktonic and agglutinated fora¬ 
miniferal zones for the eady Albian rhrough late 
Turonian time span, for the Polish part of the 
Pieniny Klippen Belt (Fig. 4). 


The definition of the Holocryplocanium betrbui 
zone used in this zonation follows that of 
Schaaf’s (1985), with some modification of its 
upper limit. The lower boundary of H. barbui 
zone (= lower boundary of the Sticbomitra 
tosaensis subzone) is not well defined, because the 
earliest Albian and latest Aptian ( Tkineila wberti 
planktonic foraminifera] zone and Iidpto - 
pbragmoides nonionhioides agglutinated toraniini- 
fer.il zone) deposits are not well represented in 
the sections investigated, their radiolarian fauna 
is' rare and poorly preserved. The upper bounda¬ 
ry ol the //, betrbui zone hills within a lower part 
of the Rotalipora reicheli planktonic foraminiferal 
zone and the Bulbobdculites prublemdticus agglu¬ 
tinated foraminiteral zone (middle Ceno¬ 
manian). The Squinabollum fissile radiolarian 
subzone Coincides with the Biticinclld breggiensis 
foraminiferal zone (Late Albian). The Thaiutrla 
pulchrct subzone coincides with the Rotalipora 
tkineniis R, subtitirtensis foraminiferal zone (late 
Albian). The lower limit of the Toratlum deugoi 
subzone correlates with the upper boundary of 
the Rotalipora tidnensis-R. sahticinensis foramini¬ 
feral zone. Its upper limit correlates with the 
upper boundary of the Rotalipora appennijtica 
foraminiferal zone (Albian/Cenomanian bounda¬ 
ry), and also coincides with the lower limit of the 
Qbeliscoites maximus subzone. 

The lower boundary' of the Hemicryptocapsa pre- 
polyhedra zone corresponds to a lower part of the 
Rotalipora reicbeh planktonic foraminiferal zone 
(middle Cenomanian). Its upper houndary 
f= lower boundary of the Hemicryptocapsa poly¬ 
hedra zone) corresponds to ait upper part of the 
R. atshmani planktonic foraminiferal zone (late 
Cenomanian). The upper boundary of the 
If, polyhedra zone has not been defined within 
the deposits investigated because the Radiolaria 
from the latest Turonian and the Coniacian are 
very poorly preserved (mostly calcified). This 
zone correlates with the Rotalipora atshmani 
through Dicarinella primitive planktonic forami- 
nileral zones (= upper part of Bulbobaculitcs pro¬ 
blematics and lower part of Uvigerinammina ex 
gr. jankoi agglutinated foraminiferal zones; late 
Cenomanian through late Turonian). 

It is hoped that the proposed radiolarian zonal 
standard will become a calibration tool to which 
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Fig. 4. — Correlation of radiolarian biozones and subzones with planktonic and agglutinated Foraminitera zonations in the Pieniny 
Klippen Belt. Polish Carpalhians (chronological scale after Robaszynski & Caron (1995)]. 1, local planktonic toramimferal zonation 
after Robaszynski & Caron (1985) modified by K. Bgk (1992, 1998); 2, local benthonic foramlnileral zonation after Geroch & Nowak 
(1984) moditied by K. Bak el a I, (1995). K. Bak (1995a). 


local zonations from other Carpathian regions 
could be correlated. 
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